DURING an investigation into the causes of eye-strain in workers at the Government Weights and Measures Department, Tottenham, it was found that all those engaged in burette comparisons had heterophoria, some to such a degree as to affect severely their speed of work and their efficiency. Again, while investigating at the Kodak Factory at Wealdstone, it was noted that ocular fatigue among those employed in the manufacture of key-winders and in the inspection of cinema films, was a very frequent trouble. The workers in these sections have to subject their binocular powers to a constant strain of two to three angles of convergence with much added concentration. Latent squint was present in many instances and caused frequent discomfort.
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In my Service, I find that by far the largest proportion of cases come to me from the Electrical and Wireless School and from the Apprentice Clerks department. Refractive errors account for a number of these, but a breakdown of convergence is the actual cause in many instances. Nor do the ocular imbalances reveal themselves entirely in industrial work. One of the most common causes of convergence weakness is head injury. After concussion, however slight, it is the practice in the Royal Air Force for the Consultant in Ophthalmology to examine the case with special regard to disturbance of the binocular vision. Apart frorn gross lesions which are not intended to find a place in this paper, something like 70% of the cases examined give a weak response to the convergence and the cover tests. There is no doubt that delayed return to normal of the binocular function is responsible for much of the suffering in post concussional cases. I meet this state of affairs frequently among flying personnel.
In order to obtain an accurate measurement of the muscle state in near vision, I have designed an apparatus which I call the Binocular Gauge ( fig. 1 , p. 12). It consists of a wooden rule 36 cm. long, with a slot cut down the centre 21 cm. long, and with one end shaped to fit the face, and to rest against the infra-orbital margins. It is marked in centimetres and half-centimetres, measured from the anterior corneal surface. With it are three attachments:-(1) A shield near the face to occlude each eye separately, and to be used in the estimation of monocular accommodation. This shield, detached from the instrument, can also be used to cover the eye in the cover test.
(2) A vertical rod, painted in equal thirds in white and black, the black section being central. The object of this painting is to offer a black surface to the subject when doing the convergence test (objective convergence), and to direct his eyes along the horizontal plane. The white upper end is useful when using the rod for the cover test, in conjunction with the shield already mentioned. The rod slides in the central groove in the rule, and has a lateral pointer which indicates on the scale the distance in centimetres when the convergence point has broken down.
(3) A small box-shaped attachment consisting of a front surface in which a cross is cut, and a back space into which an ivorine square is fitted with a black vertical line cut into its substance. This can be adjusted to a central position as indicated on a small scale on the top. This apparatus measures what I call " subjective convergence." On the ivorine square, on either side of the vertical line three similar letters are printed and are used in measuring accommodation. How to use the apparatus.- (Fig. 2 ) Place the face-piece gently against the infraorbital margins. Swing the shield out of the way, draw the subjective convergence apparatus to the far end of the rule and cover it with the left hand by placing two fingers under, and two fingers over the rule, palmar surface towards your body while at the same time gripping the rule between the fingers to support it. Now draw the convergence rod to the far end of its groove away from the patient, and ask him to watch the black portion with both eyes as long as he can. Then move the rod towards him at a steady pace carefully observing the movements of his eyes. One or other eye will be seen to hesitate and then diverge. In certain cases both may be seen to do this at the same instant. Record the point on the scale. The average reading in normals will be from 6 to 10 cm. Outside 10 cm. the convergence power must be considered reduced, and outside 15 cm. definitely defective.
Now remove the convergence rod and free the subjective convergence apparatus. Start it at about 25 or 30 cm. from the subject's face. First ask him whether the black line is in the centre of the vertical limb of the cross. Adjust if necessary; then ask him to watch the little black line and to say when it moves to the right of the cross, to the left, or becomes double. Slide the instrument towards him steadily and at a moderate pace. If it is moved too rapidly the point of change will be missed, and if it is moved too slowly the reading will be in excess of the patient's natural binocular poise from undue strain. If, when a change has occurred, he states that the line has gone into the right limb of the cross it indicates that the right eye is his master eye and that the left eye has diverged. Other interpretations follow this example; ir the line is seen double, for example, there is no definite master-eye."' Accommodation, either binocular or monocular, is estimated by means of the printed word on the ivorine square. The subjective convergence will be found almost invariably greater than the purely objective which is a far cruder estimation. Wide variations exist between these two readings by anything from 2 to 20 cm. In the case of subjective convergence, readings up to 15 cm. may be considered as within normal limits. Beyond this the strength of the binocular sense must be considered reduced. The responses to this test cannot be entirely those of convergence. Other elements, partly psychological and partly stereoscopic, are involved.
The gauge is now used as part of the routine ophthalmic examination of flying personnel, for in a short space of time il is possible to estimate: (1) The convergence power in two ways; (2) discover the master eye; (3) examine the accommodation; and (4) carry out the cover test.
The gauge has also its place in refraction work, particularly in connexion with presbyopia. With the presbyopic correction before the patient's eyes I register first the accommodation or near-point, and then carry out the convergence tests. The figures for the latter should be at least 10 cm. less than that of the accommodation (say accommodation 28 cm., subjective convergence 15 cm.). This saves one from the possible error of placing the accommodation near-point and the convergence near-point on top of each other, with subsequent ocular fatigue and possibly more extensive damage. This practice I extend as well to cases in children, as it is not uncommon to find a very definite weakness in a school-child studying as children have to study at the present day.
I think this gauge usefully fills a gap between the Bishop-Harman diaphragm test on the one band, and the Maddox wing test on the other.
Discussion.-The PRESIDENT asked whether Wing-Commander Livingston arrived at the factors which he regarded as normal, by the method of trial and error, or whether they were arrived at by mathematical formule, rather than by experience.
Wing-Commander LIVINGSTON (in reply) said that what were called the borderline cases in the Air Force, were investigated during the later stages of the War by Group Captain Clements, who found, during the great rush when there were 20,000 pilots on the active list, that pilots who responded to the Bishop-Harman test, the cover test, and the red-green test (which Clements used in preference to the Maddox rod) abnormally, tended on the whole to experience difficulty with their landings. This trouble was often due to a pre-existing heterophoria. Group Captain Clements instituted an ocular muscle-training school in Croydon, and there the ocular imbalances were treated. He found that the convergence near-pointdone with the ordinary pencil-of 4 in. to 5 in., a cover test, in which the eye remained out and came in with a very feeble stimulus after the cover was removed, and a red-green deviation exo-or eso-phoria (of 4 in. to 6 in. at 20 ft.) was the base line on which to judge good or bad pilots. Therefore the method and assessment were primarily empirical. In the light of modern aviation he (the speaker) had tried these things. Aircraft were nowadays flown much faster, i.e. up to 250 miles an hour, compared with the former speed of 80 to 100 miles an hour. Hence there was demanded a quicker visual response and reaction. But it must be remembered that flying instruction was also far more advanced. There was need for a thorough reinvestigation of the whole subject. His idea was to give some relaxation to this strong empirical ruling, which came into use in 1917. He did not think it was necessary to have such an amazingly good muscle balance in order to fly aeroplanes. Erratic pilots were visually trained, and most of them resumed their solo flying without much trouble. During the War period there was no doubt that many pilots who experienced landing difficulties flew successfully after a course of oculo-muscle training, and thus helped to maintain the necessary strength of the Service.
